A irborne particulate matter (PM) is extremely toxic and has been estimated to cause more health and economic harm than all other environmental pollutants regulated by the U.S. Environmental Protection Agency combined. [1] [2] [3] Combustion sources, including motor vehicles, produce PM. Studies have shown that the tiniest particles, called ultrafine particles (UFP; <0.1 μm), are elevated next to highways and heavily traveled roads. 4 Further, studies have also found associations between living near heavily trafficked roadways and cardiovascular disease, 5 including blood markers of inflammation, [6] [7] [8] coronary atherosclerosis, 9 and mortality from coronary heart disease. 10 Installation of high-efficiency particulate arrestance (HEPA) filters can reduce PM levels in buildings. [11] [12] [13] It seems that in-home HEPA filtration can be used to improve asthma in children. 14, 15 Studies have begun to test whether reducing PM affects biomarkers of cardiovascular disease. [16] [17] [18] Two studies found improvements, one in microvascular function and the other in endothelial function and inflammation. 17, 18 Our objective was to describe lessons learned from installing air filtration units in public housing apartments next to a major highway. Social acceptability can undermine application of a theoretically viable intervention. Studies of in-home environmental interventions in low-income populations have often struggled with recruitment and retention, a possible sign that real-world application could be challenging. [19] [20] [21] [22] Ours is a 3-year, community-based participatory research 
Methods
The design was a crossover study of the health benefits of in-home HEPA filtration in twenty homes. Two homes were enrolled at a time and each home received either real or sham filters for a 3-week period and then each was switched and followed for a second 3-week period ( Figure 1 ). We chose 3 weeks because biomarkers of inflammation seem to change in response to UFP in that time. 25, 26 Participants were blinded as to the filtration type. The main pollutant monitored was particle number concentration (PNC), which is a reasonable surrogate for UFP, because UFP typically comprise more than 80% of the PNC. In our study, particles were measured continuously, in contrast with other in-home HEPA interventions that have only measured PM for limited periods.
11-13
The apartments were two to four bedroom units with a We obtained names and contact information for apartments from the Somerville Housing Authority. We were interested in apartments within 200 meters of the highway that had a bedroom window facing the highway. We created a ranking system based on proximity to the highway, availability of a bedroom window facing the highway, and whether there was another building obstructing the highway. Priority was given to apartments within 100 meters where PNC is highest.
We identified 203 units, 106 of which were within 100 meters of the highway.
HEPA air filtration units (HEPAiRx) were loaned by Air
Innovations, Inc. (www.airinnovations.com; Syracuse, NY).
These units have been shown to reduce PM levels in indoor air and evidence suggests benefits for asthmatic children. Immediately before turning on the HEPA filters, just before the switch over from sham to real filtration (or vice versa), and just before turning off the filters at the end of the intervention period ( Figure 1 ). Blood from a finger stick was analyzed for lipid profile at the first appointment using a portable device.
Nurses from the Visiting Nurses Association of Eastern MA, who spoke Haitian Creole and Spanish and were familiar with the housing development, performed the blood draws. Stored samples will be assayed for inflammatory markers at the end of the study. 23 We provided $25 gift cards at the first interview and at each blood draw, the same amount we used in prior studies in the same population. Availability and expense of equipment plus the intensive effort required to manage each participant limited us to a pilot study of limited size. The study was approved by the Tufts Institutional Review Board.
From the first visit to each home, we tried to build an effective working relationship with each participant. We tried to learn a little about each participant while allowing them to know us. We also tried to build a relationship with family members. Every time we went to their homes, we asked how everything was during the last week and if they had any questions/concerns regarding the study. At the end of each visit, we explained to them what to expect during the next visit. We were careful to position the equipment in homes and to schedule appointments to minimize inconvenience for the participants.
Results

Recruitment
Our goal is for residents from twenty apartments to complete the study. Recruitment has been slow and challenging.
We report here on the first ten homes completed (Table   1 ). Many people were not at home or did not answer the door. We had hoped to recruit some of the numerous White, English-speaking residents; however, most of them smoked or allowed smoking in the home, which disqualified them. Also, we encountered people who did not speak the languages for which we were prepared, including Chinese and Vietnamese.
In addition, although we had documents in Haitian Creole, and there were many Haitians in the development who seemed to be eligible, we initially had difficulty hiring culturally and linguistically matched field staff.
Preliminary advice to us from a resident was to avoid first-floor apartments because of risk of vandalism to the HEPA units sticking out of windows. With limited options, we expanded to first floors and with no vandalism. On three occasions, we spoke to residents who seemed to agree to participate, only to return and have them tell us that they were no longer interested. This experience led us to avoid encouraging potential participants who seemed hesitant.
Retention
Retention was important because we were installing equipment and following people for 6 weeks. To date, six participants have dropped out and ten have completed the study (Tables 1 and 2 ). Each dropout was a loss of invested time and effort, and affected the overall scheduling of the interventions.
Despite our efforts to ensure that people we approached would be in their home for the 6-week period, we had two instances in which participants surprised us by announcing changed plans.
One left the country after the fourth week; the other relocated to another state. We were unable to determine whether we had communicated poorly or their plans had simply changed.
In two instances, participants removed themselves from the study because a family member was unhappy with the equipment noise. In one case, the participant had an adult child with emotional disabilities who became agitated. In general, family members with Alzheimer's or mental disability and households that were chaotic were challenging to recruit and retain. We subsequently modified our approach to include consultation with or about family members who might be adversely impacted by the study.
During the summer, we had one participant dropout because their apartment was too hot. The HEPA unit cools, but in this case, because of extremely hot weather, the cooling capacity of the unit was insufficient. Providing a fan did not resolve the issue. Another participant complained about heat, but completed the intervention while using a fan for additional cooling.
One resident's complaints were about stipends and electricity remuneration. He told us that he received food stamps so a gift card for groceries was not helpful and he preferred cash. We considered providing cash; however, the university would not issue cash without obtaining a social security number and the participant did not want his personal information recorded. The participant left the study in the fifth week.
equipment
We put the CPC pump in an insulated box to reduce noise, but there was nothing we could do to reduce noise from the HEPA units (which were louder). Some participants suggested that the noise from our equipment was more bothersome than air conditioners or highway traffic because it interfered with watching television and making telephone calls. Thus, placing the HEPA units in the living room where these activities take place may have contributed to the problem. Placing the equipment in the living room was sometimes challenging because the CPC pump was in a large box (80 × 60 × 45 cm). Owing to furniture, we could not always position the CPC in our preferred location, across the room, facing the HEPA unit.
Early in the study, we had technical issues with the CPCs requiring us to visit homes more than once each week.
Participants did not seem troubled by our presence in their homes, but some expressed frustration with scheduling appointments. The logistics of scheduling appointments was also challenging for the team, which consisted of the nurse, the field manager, the person performing consents and surveys, and the person responsible for the HEPA and CPCs. Because of the precise timing necessary for taking blood samples relative to installing, switching, or removing HEPA units, a missed appointment adversely affected the whole team.
We can compare our experience with the HEPA intervention with the CAFEH study. 23 CAFEH involved door-to-door recruiting for a survey and attending up to two clinic visits.
In CAFEH, participants spent approximately 3 hours over 1 to 3 days. The response rate for CAFEH in Somerville was about 58%. The recruitment rate for the HEPA intervention is 59% (Table 1 ). The main difference in eligibility compared with CAFEH is that we excluded smokers for the HEPA study.
In addition, recruitment was restricted to a smaller set of homes, those Mystic Housing Development residents who We removed the participant from the study because they were not going to be at home for the 6 weeks. The person was moving out of state.
Home 2
Participant removed himself from the study owing to trust issues. He felt we were taking advantage of him. He thought we would not pay him what we owned him for his involvement in the study. He wanted cash instead of gift cards.
Home 3
Two participants left the study because the apartment was too hot. One of the participants complaint about the noise, although they stated that this was not the issue that made them quit the study.
Home 4
Participant left the study because the HEPA unit and CPC pump were too loud. She could not tolerate the noise.
Home 5
Participant left the study because his wife could not tolerate the noise of the equipment.
Home 6
Participant left the study because her son, who had a mental disability, could not tolerate the noise of the equipment. Spring 2013 • vol 7.1 lived within 200 meters of the highway. Still, the recruitment was comparable between the two studies. The success rates of both were also similar to other recruitment in public housing in nearby Boston.
27,28
If we define retention in CAFEH as completing a subsequent visit, in the Somerville study area we had success about 69% of the time. A substudy of CAFEH installed CPC monitors without filtration units in eighteen homes. There were no dropouts among these homes, but the study duration was only 1 to 2 weeks. There were also complaints about CPC noise in these CAFEH homes. Completion of the in-home air filtration intervention was 63% of those who started. Thus, retention was similar between the larger, less intensive involvement in CAFEH and the more intensive engagement with the filtration intervention. However, in the filtration study each lost participant had a greater impact on the project because far more resources went into installing the equipment and collecting environmental and human data.
discussion
There were numerous strengths to our approach, including (1) having community/city partners that helped us recruit residents, (2) providing an intervention that residents saw as potentially helping them if it could be proven to be effective,
being open to learning from experience and adjusting as we went along, and (4) having team members who could interact well with the residents and establish mutual trust. These conclusions are broadly consistent with classic CBPR theory and practice, 29, 30 as well as with reports of CBPR conducted specifically with public housing residents, 31 particularly as they relate to building trust, a core principle of such partnerships. These sources also all point to the value of sustainability, something we are beginning to address across our research areas.
We feel that our partnership between community-based organizations, the city, and the university was important to our efforts to recruit, retain, and complete interventions in homes. Our city partner was in the Housing Department and well-positioned to help the study obtain needed information.
Our primary community-based organization (STEP) led the field operation and proved adept at facilitating recruitment and coordinating complex logistics. One option we intend to consider that might address some of these problems is to explore different HEPA units, possibly one that could be used in the bedroom, and that would function within existing heating and cooling systems, or ones that do not provide heating and cooling and are therefore quieter to operate.
In conclusion, this interventional study was challenging because we were working in homes of low-income people, many of whom were dealing with issues related to family dynamics, adjusting to a new culture, and finances. It was important to have partners with credibility and trust, to have an intervention that addressed a community concern, and to have a responsive team that was able to quickly address problems. Ultimately, being responsive to the needs and concerns of participants, and being able to adapt to unanticipated problems that arose, were critical. The level of resources and time needed
to recruit and retain participants should not be underestimated.
